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I89 No. 

New project - not aP;)l..icable 

14. SCOPE 

The National Tnstitute of Occupation71 Snfclty .Wd licalth has recently issued crJ_teri: 
for a recommended standard of occupational exposure to inorganic nickel (DHE\J 
(NIOSH) Publication No. 77-164). It is the conclusion of this report that human 
exposure to airborne inorganic nickel mzy incrcnse the risk to devcLop nasal and lun; 
cancer. Evidence to support this view is provided in several usually well documented 
epidemiologic studies on nickel workers in various countries, On the other hand, 
experimental data in animals which would allow to define nickel unequivocally as 
a respiratory carcinogen are incomplete and nnt convincing. Nevertheless, NIOSH has 
concluded that, in the absence of evidence t& the contrary, nickel metal and all 
inorganic nickel compounds, when airborne, should be considered carcinogens. These 
considerations led to the recommendation that a new standard for occupational 
exposure to nickel needs to be adopted. It is proposed that no worker should be 
esposed to nickel at a concentration greater th:ln 15 pg. measured as nickel, per 
cubic meter of air, determined as time-weighted average concentration for up to a 
10 hour work-shift, 40 hour work-week. Essentially, this represents the lowest 
reliably detectable concentration of nickel measurable by sampling and analytical 'Y 
methods selected and endorsed by NIOS!I. 

The experimental data in animals, which tend to implicate inorganic Ni compounds to 
be respiratory carcinogens, are summarized and tabulated in the NIOSH document. An 
examination of the data shows that only in 2 out oE 5 sttidies published in the 
anglo-saxon literature there was evidence which could label inorganic Ni compounds 
to be a respiratory carcinogen. Out of tire two studies, a quite old one (Hueper, 
1958) does not provide all too convincing evidcncc; the study was analyzed in the 

NIOSH document and said to show only "suggestive lesions . . . (but) . . . . no clear 
indication of carcinogenicity" (incidentally the study is plagued by inadequate 
controls). This leaves some recent experiments done by Ottolenghi. et al (1973) 
t~~; tht: only inhalation study where acceptable evidence for carcinogenesis by an 
inorganic Ni compound (Ni3S2) in the respiratory tract was obtained. On the other 
hand, the other 3 studies in which animals were exposed to inorganic Xi by either 
inhalation or intratracheal instillation failed to provide evidence for carcinogeni- 
city. , 

‘. 

It must be noted, however, tllat under different experimental conditions Ni has 
unclr!uivocally been shown to be a cnrci:lo2en. For c::3mple, inhalation or injection 
01 n.ic!iel carbonyl causes tumors in lur,~ and otller organ9 at low incidence. Inira- 
muscular adiiiinistr:1tion of various nickel salts produces sarcomata in high incidence. 
Topical r$plication of microgram qunn titiss to kit1nc.y produces malignant tumors. 
l'l~e carcinogenic potency of various Xi compounds appear to be inversely related to 
.J;lter solilbility. 

I I1 !-o--r i 3:. on _ . ..- _ _ "biaavail&ility" of Ni in target tissues could tllus be an important 
Factor ~hsr? it comes to deciding wilct!lcr there is a carcinogenic risk associated 
:ith different forms of airborncl inorganic ISi compounds. 13~ saying this we assume 
hat, in order to be carcinc,genic, xi has to reach its presumptive target site in a 
r-igh encyg'n concentration, suitnblc chemical form and/or has even!zually to persist. 
'iewed at it this way, it is fullj conceivable that difEerent forms oE inorganic 
:i could have different potencies for eliciting a maLiGnant response. 
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It is Lhc purpo:;o of thi:; program to exnminc this possi.bi.lity more closely. 

:or this we propose to collect systematically data on localization, translocati, 

ind finally elimination from the body of inorganic Ni compounds following uptake 

:Irrough the respiratory tract. At the sclme time, preliminary work will begin a. 
it setting up conditions so thnt a chronic inhalation stltdy could be started she 

:he need arise. The outline given below discusses the suggested approach in mo: 

ictail. 

- 

L5. REIATIONSUIP TO OTHER PROJECTS: / 

Not applicable 

- 

L6. TECHNICAL PROGRESS IN FY 1978: 

New project 

17. EXPECTED RESULTS IN FY 1979: 

rJe plan to obtain information on the toxicokinetics of 3 insoluble and one solul 
!?i compound (i.e. metallic Ni, NiO, Ni3S2 and NiC12) in rats and possibly mice. 

The route of exposure will be through the respiratory tract. Uptake, retention. 

translocation and elimination of Ni from the body will be measured. The data w: 

allow to determine whether the fate of all these Ni compounds within the body i: 
the same or whether there are differences in toxicokinetic behavior. Ultimatel; 

such data may help to assess the relative risk each one of the compounds represt 

if humans are exposed by inhalation. 

In order to facilitate analysis of tissue, we plan to work with radioactive Ni. 

Commercially available 63XiCl2 will be converted with suitable preparative pro- 

cedures into NiO, Ni3S2, metallic Ni or diluted with carrier NiC12. 

The first step in the animal studies will be to administer the various Ni compo 

to rats by intratracheal instillation. Guidance as to what dosage levels to us 

dill be taken from the literature whenever available. These experiments should 

provide preliminary information on how long Xi can be expected to be retained i 

appreciable amounts within the respiratory tract. The information is necessary 

for establishing exactly the specific activity of the Ni compounds to be admini 

in the subsequent inhalation experiments. 

fhe second step Gill be to repeat the experiments, but this time by exposing th 

animals to radioactive Ni aerosols. To do this, we will need to take appropria 

precautions, which will allow us to expose animals without any risk to their 

handlers. Host probably, we will have to use a chamber constructed for nose-on 

exposure of anima.l.s. Sllch a smal..L cllamber can bo placed within a larger, proptl 

ventilated and filtered facility. This eliminates the risk that radioactive ae 

escapes from the inhalation area. Nose-only exposure has the additional advant 

that the animals' furs become only very little, if at all, coated with the test 

material. This minimizes uptake of Ni into the body by gastrointestinal absoq 

following grooming. A di.saclvantagc of the method is, however, that animals hat 

be bodily rl!straLned in a nose-only inhalation chamber. This limits duration c 
exposure, in order not to stress ttlc animals to0 much. 

Ideally, we plan to expose the animals to 2 concentrations (low and high) oE tI 
t~rpaun&.Xn~en to determincu_tn'L lung burden of Xi immediately after 

"C14.44!1& 
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exposure and on selected time points therenftcr. In order to obtain the fullest 
possible inlor- ._ation on tissue distribution, 

In this rethod, animals 
we plan to use whole-body autoradio(:raPl! 

are Eruzcn in tot0 and cmbcddcd in carbosymethyl cell~lo:;~~. 
With the help OF a special cryomicrotome, sagittal sections (a few microns thick) 

of the whole animal body are cut, mouiltcd on plastic film, covered with photographic 

emulsion, exposed for a suitable tine and dcvelope:!. Accumulation of radioactive Ni. 
will be visualized by a blackening of the film. Quantitative information oE the 
amount of Ni present in a given spot can be obtainctl by dcnsitometry or, more 
accurately, by punching out the isotope-containing region and subseqeunt liquid 
scintillation counting. This method has a very crucial advantage over conventionat 
analysis for radioactivity by collecting tissue samples at autopsy: it allows to 
obtain information on Ni distribution in the entire organism. With analysis of 
individual tissue, secured and selected at autopsy, there is a real risk that 
accumulation of Ni in small, but potentially critical areas may go undetected (e.g. 
specific regions of the brain, regional lymph nodes, small organs which may be 

overlooked such as hypophysis, ovaries, or transplacental passage of Ni to the 

fetus in pregnant animals). 

These studies on 
can be extended, 
They can also be 
tissue samples. 

accumulation and cl~arancc of Ni following inhalation exposure 
if necessary, to include studies on repeated and prolonged exposure. 
accompanied by conventional histopathologic studies of selected 

The second major effort will be to develop techniques for chronic inhalation studies 
with inorganic h'i aerosols. These experiments will be done roughly in parallel 
with the studies on toxicokinetics. EssentialP;, conditions will be established i 

which should allow to operate large inhalation chambers (1.5 m3) with,aerosols of 1 

nli, X0, Ni3S2 and NiC12 of known concentrations. The first -step-will be to ascer- 

tain that it is possible to produce and reproduce the aerosols. In any such study, 

particle size is of critical importance. It will be necessary to create dusts 
containing a known proportion of respirable particles, comparable to situations 
encountered in human exposure or in earlier studies reported in the literature. 
The next step will be to provide a reliable monitoring system and also to ascertain 

that we can vary particle concentrations over a wide range of doses. Aerosol 
generation and particle/concentration monitorin g will be done following established 
procedures. 

Once conditions are established, we plan to do some dose-finding studies, using a 
limited number of animals.' To do subacute and chronic inhalation studies with Ni 
compounds, the established procedure would be to determine, in acute experiments; 

a mximuc: tolerated dose (MTD). However, it is evident from data in the literature 

and also from personal communications oE investigators involved in Ni inhalation 
studies," that inorganic Ni is very ltttle toxic to small rodents, even if atmosphere: 

as high as XX mg/m3 are generated. This necessitates that studies are done in 

which animals will be exposed to doses of N-i used iti studies by previous investiga- 
tors (i.e. 1 mg/m3) as well ai hi ~'-~er concentrntlons ~~ (up to possibly 2040 mg/n3). 

Again, animals would be exposed to the different compounds and observations be made 

on acute toxicity, acute accumulation of Ni in lung and on acute histopathological 
changes. Thz data could serve as preliminary information for possible exposure 

schedule; in future chronic inhalation toxicity studies. 

In conclusion, the suggested studies are designed to provide data wn accumulation, 

distributica and clearance of various forms of inorganic Ni fOlhJ_hg inhalation. 

They might help to estimate possible risks for each compound. Also, -prelisinary 

work will be done w[:ich will help to validate techniques and to define conditions 
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j tob e used in eventual later cllronic inlla?.ntion studies. 
I 

; 19. DESCRIPTIOX, JUSTIFICATIOY, AXD COSTS OF MAJOR MATERM,, S~~BCONTR~~CTS,TECM~~C~~ 
SERVICES, COXPUTER AND PROGRA1MIX AND CAPITAL EQUIPWST OBLIGATIONS. 

Cost Estimates 

FY 1979 FY 1980 
, 

Capital Equipment Obligations 

LKB Cryo-microtome 35,000 

This is a special instrument, not available 

in the Biology Division, which will allow to prepare 
whole-body autoradiograms. The cost is included in 
the operating budget presented on page 1. 

. 

20. PROPOSED OBLIGATIONS FOR RELATED CONSTRUCTION PROJECTS, IF AN-Y: 

None strictly for this program. _ 


